Background
==========

Gastric cancer is a malignant disease that seriously threatens human health. Globally, there are 950 000 new cases of gastric cancer and 720 000 deaths every year \[[@b1-medscimonit-24-2711]\]. Of these, 70% come from Asia, and Chinese patients account for nearly half \[[@b2-medscimonit-24-2711]\]. Because many gastric cancer patients are diagnosed at the advanced stage, they often cannot receive the best treatment strategy, like receiving the radical gastrectomy. Thus, the overall prognosis of patients remains unfavorable \[[@b3-medscimonit-24-2711]--[@b5-medscimonit-24-2711]\]. In the field of targeted molecular therapies for gastric cancer, relatively few effective drugs have been demonstrated, such as apatinib \[[@b6-medscimonit-24-2711],[@b7-medscimonit-24-2711]\] and Herceptin (for HER-2-positive patients) \[[@b8-medscimonit-24-2711],[@b9-medscimonit-24-2711]\]. Therefore, we still need to further explore and develop new molecular targets to improve the therapeutic efficacy and clinical prognosis of patients with gastric cancer.

Kin of IRRE-like protein 1 (KIRREL), also known as NEPH1, is a human protein encoded by the KIRREL gene \[[@b10-medscimonit-24-2711]\]. KIRREL is a member of the NEPH protein family, which includes KIRREL2 (NEPH3) and KIRREL3 (NEPH2). The cytoplasmic domains of these proteins interact with the C terminus of podocin (NPHS2). Previous studies have shown that KIRREL was expressed in filtration slits of kidney podocytes, cells involved in ensuring size- and charge-selective ultrafiltration of blood \[[@b10-medscimonit-24-2711]\], which can interact with nephrin (NPHS1) \[[@b11-medscimonit-24-2711],[@b12-medscimonit-24-2711]\] and tight junction protein 1 (TJP1) \[[@b11-medscimonit-24-2711],[@b13-medscimonit-24-2711]\]. Recently, some studies have found that the abnormal expression of the KIRREL gene was closely related to the occurrence and development, proliferation, and metastasis of drug sensitivity of malignant tumors \[[@b14-medscimonit-24-2711]--[@b18-medscimonit-24-2711]\]. However, the exact aberrant expression level of KIRREL in gastric cancer and its prognostic significance remain unclear.

Therefore, in order to answer the above questions, the present study was performed. We firstly used bioinformatics methods to predict the differential expression levels of KIRREL mRNA in gastric cancer and normal gastric tissues by mining cancer-related databases (TCGA and Oncomine). Then, immunohistochemistry was used to verify the KIRREL protein expression levels in 71 cases of gastric cancer tissues combined with matched normal tissues, which were collected retrospectively in our hospital. Further, based on the immunohistochemical results, the relationship between clinicopathologic parameters and KIRREL differential expression levels in gastric cancer was investigated by chi-square test. Moreover, Kaplan-Meier univariate and Cox multivariate survival analyses were performed to explore the prognostic significance of KIRREL expression in gastric cancer patients.

Material and Methods
====================

Bioinformatics prediction
-------------------------

In order to predict the differential expression levels of KIRREL in gastric cancer and normal gastric tissues, TCGA and Oncomine databases were used. We downloaded a total of 408 cases of GC and 211 cases of normal gastric tissues containing KIRREL mRNA expression information from the TCGA database (*<https://cancergenome.nih.gov/>*). Then, RStudio (Version 1.1.442), a free and open source data analysis software, was used to analyze the differential expression levels of KIRREL mRNA between the 2 groups and deduce the overall survival (OS) curve. The Oncomine database (*<https://www.oncomine.org>*) \[[@b19-medscimonit-24-2711]\] was also searched to explore the differential expression levels of KIRREL between gastric cancer and normal groups. A total of 9 GEO-sourced datasets were included. Additionally, Kaplan-Meier Plotter (*<http://kmplot.com/analysis/index.php?p=service&cancer=gastric>*) \[[@b20-medscimonit-24-2711]\] was used to draw the OS curve based on the GEO data.

Gastric cancer tissues and relative clinicopathological information of patients
-------------------------------------------------------------------------------

A total of 71 cases of gastric cancer tissues and paired adjacent normal tissues were retrospectively collected to perform the immunohistochemical staining. All the patients had received radical gastrectomy in the Department of General Surgery in our hospital from June 2009 to December 2011. The last follow-up time was July 2017. The pathologic diagnosis of all cases was gastric adenocarcinoma after operation. As shown in [Table 1](#t1-medscimonit-24-2711){ref-type="table"}, the relative clinical information of patients, including age, sex, CEA, CA199, and TNM stage, was summarized in detail. This study was approved by the Ethics Committee of our hospital and all patients had signed the informed consent.

Immunohistochemical staining and interpretation of results
----------------------------------------------------------

Based on the protocol manual, immunohistochemical staining was done to examine the differential expression levels of KIRREL in 71 cases of gastric cancer and paired normal tissues. KIRREL monoclonal antibody (ab82804, Abcam, UK) was used with a working concentration of 1: 100. The results of immunohistochemistry were independently judged and interpreted by 2 double-blinded pathologists. According to the previous literature reports \[[@b21-medscimonit-24-2711],[@b22-medscimonit-24-2711]\], the immunoreaction score (IRS) of each slice was calculated, which was produced by staining intensity (SI) × number of stained cells (PP). The range of IRS score was 0--12. If the IRS score was greater than 4, KIRREL expression was considered to be high and IRS score ≤4 indicated KIRREL expression was low.

Statistical analysis
--------------------

SPSS 19.0 software (SPSS, Inc., Chicago, IL, USA) was used to statistically analyze the experimental data. Quantitative data was expressed as mean and standard deviation. TCGA and Oncomine data were analyzed by the independent-samples *t* test to compare the differential expression levels of KIRREL mRNA between gastric cancer and normal gastric tissue group. Chi-square test or Fisher's exact test was employed to analyze the relationship between KIRREL differential expression levels and clinicopathological parameters of gastric cancer patients. Kaplan-Meier univariate and Cox multivariate survival analyses were performed to the assess the prognostic significance of KIRREL in gastric cancer patients. The difference was considered statistically significant when the *P* value was less than 0.05.

Results
=======

KIRREL was highly expressed in gastric cancer
---------------------------------------------

We initially used bioinformatics mining to explore the differential expression levels of KIRREL mRNA between gastric cancer and normal tissues based on TCGA and GEO (from Oncomine database) data. Results of TCGA data analysis showed that KIRREL mRNA expression level was remarkably higher in gastric cancer than that in normal gastric tissues (*P*\<0.05, [Figure 1A](#f1-medscimonit-24-2711){ref-type="fig"}). Based on the different TNM stage (I *vs.* II *vs.* III *vs.* IV), KIRREL mRNA levels were dramatically elevated from stage I to stage IV (*P*=0.037, [Figure 1B](#f1-medscimonit-24-2711){ref-type="fig"}). Additionally, there were 9 GEO-sourced datasets mined from the Oncomine database, and meta-analysis results showed that KIRREL mRNA levels were significantly higher in gastric cancer than those in normal gastric tissues (*P*=0.017, [Figure 2](#f2-medscimonit-24-2711){ref-type="fig"}).

To verify the above predictive results, immunohistochemical staining was done to examine the expression levels of KIRREL protein in 71 cases of gastric cancer and paired normal tissues ([Figure 3](#f3-medscimonit-24-2711){ref-type="fig"}). As shown in [Figure 3A](#f3-medscimonit-24-2711){ref-type="fig"}, KIRREL was positively stained in cytomembrane and cytoplasm of gastric cancer. The high positive rate of KIRREL staining in gastric cancer was 61.97% (44/71). The expression levels of KIRREL protein were significantly higher in gastric cancer than those in paired normal gastric tissues (χ^2^=7.213, *P*=0.007, [Table 2](#t2-medscimonit-24-2711){ref-type="table"}).

Correlation between KIRREL and clinicopathological parameters of gastric cancer patients
----------------------------------------------------------------------------------------

To explore the correlation between KIRREL and clinicopathological parameters of gastric cancer patients, chi-square test was performed under KIRREL protein differential expression levels (low *vs.* high) and different subgroups of each parameter. As shown in [Table 1](#t1-medscimonit-24-2711){ref-type="table"}, the differential expression levels of KIRREL protein (low *vs.* high) were significantly correlated with the age (≤60 *vs.* \>60 years), tumor size (≤5 *vs.* \>5 cm), T stage (T1--2 *vs.* T3--4), and TNM stage (I--II *vs.* III--IV) of gastric cancer patients (All *P*\<0.05).

Prognostic significance of KIRREL in gastric cancer patients
------------------------------------------------------------

Lastly, the prognostic significance of KIRREL in gastric cancer patients was explored. By mining the TCGA database ([Figure 4A](#f4-medscimonit-24-2711){ref-type="fig"}) and using the Kaplan-Meier Plotter online tool ([Figure 4B](#f4-medscimonit-24-2711){ref-type="fig"}), we deduced that gastric cancer patients with KIRREL mRNA high levels had significantly decreased overall survival time than those with low KIRREL mRNA levels (All *P* values \<0.05). Then, to test the above predictive findings, immunohistochemistry was carried out and the Kaplan-Meier univariate survival analysis revealed that gastric cancer patients with high levels of KIRREL protein had significantly shorter overall survival times than those with low levels of KIRREL protein (*P*=0.000, [Figure 4C](#f4-medscimonit-24-2711){ref-type="fig"}). Additionally, KIRREL levels, tumor size, histological differentiation, T stage, N stage, and TNM stage were all the statistically significant factors influencing the survival time of gastric cancer patients as determined by log-rank univariate survival analysis ([Table 3](#t3-medscimonit-24-2711){ref-type="table"}). Subsequently, these 6 indicators were included in the Cox multivariate survival analysis. The results showed that KIRREL differential expression level (low *vs.* high) was the only independent parameter to predict the prognosis of gastric cancer patients (*P*=0.000, [Table 4](#t4-medscimonit-24-2711){ref-type="table"}).

Discussion
==========

There have been few studies on the KIRREL gene in tumors. Existing studies have revealed that KIRREL gene is abnormally expressed in some malignancies. For example, Hu et al. \[[@b14-medscimonit-24-2711]\] performed integrative analysis to mine the GEO microarray data and found a total of 2325 differentially expressed genes (DEGs) involved in pancreatic cancer. Further, gene coexpression network analysis identified that KCTD10, KIRREL, DPP10, and UNC80 were the hub genes associated with the pancreatic carcinogenesis. Johnson et al. \[[@b15-medscimonit-24-2711]\] revealed that KIRREL serves as a novel substrate specifically cleaved by RHBDL2, affecting epithelial homeostasis. Wang et al. \[[@b16-medscimonit-24-2711]\] explored the CpG methylation patterns associated with gene expression variation in osteosarcoma, showing that several differentially methylated sites were associated with upregulation of SEZ6L2, KIRREL, CEP72, and CDK4 and might have a key role in the pathogenesis of osteosarcomas through promotion of cell proliferation and metastasis. Additionally, KIRREL was found to be associated with the resistance of molecularly-targeted drugs in lung cancer \[[@b17-medscimonit-24-2711]\] and wild-type gastrointestinal stromal tumors (GIST) \[[@b18-medscimonit-24-2711]\]. However, the expression levels of KIRREL in gastric cancer and its prognostic significance have not been explored in detail.

In this study, we initially used bioinformatics mining method to explore the differential expression levels of KIRREL mRNA between gastric cancer and normal tissues based on TCGA and GEO (from Oncomine database) data. Results of both TCGA and GEO data mining showed that KIRREL mRNA expression levels were remarkably higher in gastric cancer than that in normal gastric tissues. Based on the different TNM stage (I *vs.* II *vs.* III *vs.* IV), KIRREL mRNA levels were dramatically elevated from stage I to stage IV. Further, to verify the above predictive results, immunohistochemical staining was done to examine the expression levels of KIRREL protein in 71 cases of gastric cancer and paired normal tissues. Consistent with the predictive results, the high positive rate of KIRREL staining in gastric cancer was 61.97% and the expression levels of KIRREL protein were significantly higher in gastric cancer than those in paired normal gastric tissues. All these findings suggest that KIRREL serves as an oncogene in advancing the occurrence and development of gastric cancer.

We also explored and demonstrated the correlation between KIRREL and clinicopathological parameters of gastric cancer patients and its prognostic significance. Chi-square testing revealed that the differential expression levels of KIRREL protein (low *vs.* high) were significantly correlated with the age, tumor size, T stage, and TNM stage of gastric cancer patients. By mining the TCGA database and using the Kaplan-Meier Plotter online tool, we found that gastric cancer patients with high KIRREL mRNA levels had significantly decreased overall survival time compared to those with low KIRREL mRNA levels. Moreover, Kaplan-Meier univariate survival analysis based on the immunohistochemical data revealed that gastric cancer patients with high levels of KIRREL protein had significantly shorter overall survival time than those with low levels of KIRREL protein. Additionally, Cox multivariate survival analysis revealed that KIRREL differential expression levels (low *vs.* high) were the only independent parameter to predict the prognosis of gastric cancer patients. Taken together, these results suggest that high KIRREL expression could be used as an independent predictor to indicate the poor prognosis of gastric cancer patients and KIRREL might be one of the pivotal target genes involved in the growth and metastasis of gastric cancer.

Our study has certain limitations. Firstly, small gastric cancer tissue samples were collected retrospectively, which might lead to biased statistical results to some extent. Secondly, because most of the retrospectively collected GC patients lost the time of disease-free survival (DFS) information, we could not perform the relative statistical analysis. Thirdly, only immunohistochemical staining, a semi-quantitative method, was used in our validation experiment and some other quantitative methods like Western blot or qRT-PCR will be performed in our future research. Lastly, the exact biological function of KIRREL on gastric cancer and its detailed molecular regulation mechanisms were not assessed in the present study. These deficiencies will be improved and studied in our future experiments.

Conclusions
===========

This preliminary study confirmed that KIRREL was overexpressed in gastric cancer and high KIRREL expression could be used as an independent parameter to predict the poor prognosis of gastric cancer patients. In future, KIRREL may become a new therapeutic target for the treatment of gastric cancer.
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![Overexpression of KIRREL mRNA in gastric cancer predicted by TCGA data. (**A**) KIRREL mRNA levels in gastric cancer *vs.* normal gastric tissue. (**B**) Based on the different TNM stage (I *vs.* II *vs.* III *vs.* IV), KIRREL mRNA levels were dramatically elevated from stage I to stage IV.](medscimonit-24-2711-g001){#f1-medscimonit-24-2711}

![Meta-analysis of the 9 datasets on KIRREL mRNA levels in gastric cancer *vs.* normal gastric tissue searched by Oncomine database. The GSE number of each dataset were: **Cho Gastric**, 4 datasets, GEO: GSE13861; **Cui Gastric**, 1 dataset, GEO: GSE27342; **DErrico Gastric**, 3 datasets, GEO: GSE13911; **Wang Gastric**, 1 dataset, GEO: GSE19826.](medscimonit-24-2711-g002){#f2-medscimonit-24-2711}

![KIRREL protein levels in 71 cases of gastric cancer and paired adjacent normal tissues by immunohistochemistry. (**A**) High expression of KIRREL in gastric cancer. (**B**) Low expression of KIRREL in paired normal tissue. Bar=50 um.](medscimonit-24-2711-g003){#f3-medscimonit-24-2711}

![Overall survival (OS) curves of gastric cancer patients based on the differential expression levels KIRREL mRNA or protein (low *vs.* high). (**A**) OS curve based on TCGA data; (**B**) OS curve based on GEO data (analyzed in Kaplan-Meier Plotter website); (**C**) OS curve based on the immunohistochemical data.](medscimonit-24-2711-g004){#f4-medscimonit-24-2711}

###### 

Correlation between KIRREL and clinicopathological parameters of gastric cancer patients.

  Clinicopathological parameters   Cases (N)   KIRREL expression levels   χ^2^   *P* value   
  -------------------------------- ----------- -------------------------- ------ ----------- -------
  Age (years)                                                                                
   ≤60                             29          16                         13     6.114       0.013
   \>60                            42          11                         31                 
  Gender                                                                                     
   Male                            52          20                         32     0.015       0.901
   Female                          19          7                          12                 
  CEA (ng/ml)                                                                                
   ≤10                             34          13                         21     0.001       0.973
   \>10                            37          14                         23                 
  CA199 (U/ml)                                                                               
   ≤37                             44          16                         28     0.136       0.712
   \>37                            27          11                         16                 
  Tumor location                                                                             
   Antrum                          30          12                         18     0.086       0.770
   Other sites                     39          15                         26                 
  Tumor size (cm)                                                                            
   ≤5                              38          20                         18     7.398       0.007
   \>5                             33          7                          26                 
  Histological differentiation                                                               
   Well/moderate                   40          18                         22     1.890       0.169
   Poor                            31          9                          22                 
  T stage                                                                                    
   T1--2                           22          13                         9      6.001       0.014
   T3--4                           49          14                         35                 
  N stage                                                                                    
   N0                              25          13                         12     3.196       0.074
   N1--3                           46          14                         32                 
  TNM stage                                                                                  
   I--II                           32          17                         15     5.634       0.018
   III--IV                         39          10                         29                 

###### 

Overexpression of KIRREL in 71 cases of gastric cancer tissues.

  Tissues                  KIRREL expression levels (Cases, %)   χ^2^         P       
  ------------------------ ------------------------------------- ------------ ------- -------
  Gastric cancer           27 (38.03)                            44 (61.97)   7.213   0.007
  Matched normal tissues   43 (60.56)                            28 (39.44)           

###### 

Kaplan-Meier univariate survival analysis of KIRREL and other clinicopathological parameters in gastric cancer patients.

  Clinicopathological parameters   Mean survival time (months)   95% CI           *P* value
  -------------------------------- ----------------------------- ---------------- -----------
  KIRREL levels                                                                   
   Low                             70.630                        63.748--77.511   0.000
   High                            34.907                        26.001--43.812   
  Age (years)                                                                     
   ≤60                             51.862                        41.117--62.607   0.678
   \>60                            48.478                        38.583--58.373   
  Gender                                                                          
   Male                            49.938                        41.512--58.364   0.965
   Female                          49.485                        34.937--64.032   
  CEA (ng/ml)                                                                     
   ≤10                             53.364                        43.084--63.644   0.363
   \>10                            46.560                        36.324--56.797   
  CA199 (U/ml)                                                                    
   ≤37                             48.706                        39.047--58.365   0.754
   \>37                            51.824                        40.864--62.783   
  Tumor location                                                                  
   Antrum                          52.858                        41.392--64.324   0.420
   Other sites                     47.725                        38.344--57.106   
  Tumor size (cm)                                                                 
   ≤5                              61.286                        52.272--70.301   0.000
   \>5                             35.336                        25.623--45.048   
  Histological differentiation                                                    
   Well/moderate                   56.106                        47.039--65.173   0.048
   Poor                            41.709                        30.392--53.026   
  T stage                                                                         
   T1--2                           67.477                        58.545--76.410   0.002
   T3--4                           41.437                        32.506--50.369   
  N stage                                                                         
   N0                              63.561                        53.703--73.420   0.008
   N1--3                           42.075                        32.851--51.299   
  TNM stage                                                                       
   I--II                           66.234                        58.174--74.295   0.000
   III--IV                         36.256                        26.695--45.818   

###### 

Cox multivariate analysis of KIRREL and other clinicopathological parameters in gastric cancer patients.

  Covariates                                                HR      95% CI for HR   P value
  --------------------------------------------------------- ------- --------------- ---------
  KIRREL expression levels (low *vs.* high)                 7.918   2.317--27.060   0.001
  Histological differentiation (well/moderate *vs.* poor)   1.325   0.634--2.769    0.455
  Tumor size (≤5 *vs.* \>5 cm)                              1.367   0.545--3.431    0.505
  T stage (T1--2 *vs.* T3--4)                               1.759   0.515--6.004    0.367
  N stage (N0 *vs.* N1--3)                                  1.558   0.583--4.168    0.377
  TNM stage (I--II *vs.* III--IV)                           2.256   0.802--6.350    0.123
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